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INTRODUCTION 


Stream  discharge  (the  volume  of  water  passing  a  point  ir.  a 
stream  during  a  specified  interval  of  time)  is  frequently  calculated 
from  a  hydrograph  which  relates  head  (i,  e,  ,  v.ater  depth)  to  time. 
At  any  instant  of  time,   the  rate  of  flow  car.  be  :or.;u:ed  :v  a  formula 
which  for  many  w-eirs  takes  the  form 

b 

c  =  aH 

where  q  =  cubic  feet  per  second 

H  =  head,   or  depth  of  water  (feet)  in 
the  weir 

a  and  b  -  constants  depending  on  character- 
istics  of  the  weir. 

With  q  thus  available  for  each  instant  of  time.,  the  problem  is  to 
calculate  discharge  for  any  interval  of  time 

In  the  interest  of  simplicity,  discharge  is  normally  calculated 
by  one  of  several  approximate  procedures  ,  J_      Trie  precise  procedure 
to  be  develooed  here  is  a'so  reasor.abiv  simoie.   and  the  calculations 
can  be  performed  on  desk  calculators  without  excessive  difficulty. 
If  electronic  data  processing  machines  are  available,  the  precise 
procedure  is  certainlv  the  recommended  one, 

CALCULATION  PROCEDURE 

Step  1 

Mark  the  hydrograph  so  that  the  relation  of  head  (H)  to 
time  (t)  is  linear  between  consecutive  marks. 


—    Johnson,  Edward  A.  ,  and  Dils,  Robert  T,     Outline  for 
compiling  precipitation,  runoff,  and  groundwater  data  from  small 
watersheds.    U.S.  Forest  Serv.  Southeast,  Forest  Expt.  Sta.  Sta, 
Paper  18.  40  pp,  ,  illus,  1956, 


Step  2 


For  each  linear  segment  on  the  hydrograph,  tally  beginning 


time  (t  )  and  corresponding  head  (H  )s  and  ending  time  ft  )  and  head 

<H2K  v 

Step  3 

Calculate  discharge  (Q)  for  each  linear  segment  with  the 
following  formulas: 

(a)  when  H     £  H 
i  i  2  1 


Q 


a       2  1 

b+T  H~ -~H  ~ 


H. 


b+1 


b+1 


'3600; 


(b)  when  H    =  H 


Q  =  aH    (t  =  t  )  (3600)-- 


where  Q  =  cubic  feet  and  3600  =  number  of  seconds  in 
an  hour. 

Example 

Water  is  flowing  through  a  right-angled  V-notch  weir  chara. 
terized  by  a  discharge  formula 


q  =  2.  52H 


2,  47 


Preliminary  analysis  of  the  hydrograph  established  a  linear  segment 
between  9  a.m.  and  9^30  a.m.,  ,  at  which  times  the  corresponding 
heads  were  0.  25  and  0,  30  foot,  Thus: 


a  =  2.  52 
b  =  2,  47 


h  =9.0 


t  =9.5 


H2  =  0.  30 


-2- 


From  equation  Z, 

&    (0.303-47-  0.253  %  ,3600, 

=  188  cubic  feet3 

In  practice,  the  calculations  would  not  be  as  formidable  as 

indicated  above.     For  a  given  weir3  the  ratio  a(^k00)  rema-jns  a 

3.47  M 
constant,  and  the  values  of  H  would  be  obtained  from  tables 

rather  than  calculated  individually. 

Development  of  Equation  2 

The  basic  integral  leading  to  equation  2  is 

Q  =    \    aH^   dt  ------- [4] 


If  this  integral  is  restricted  in  application  to  a  linear  segment  of  the 
head-time  hydrograph,   so  that 

Hi  =  Hi  +K<VV  — 

H2-Hl 

where  K  =  — — — 

Then  equation  4  may  be  written 

t. 


2 

Q  =  a 

t. 


^     [^1  +  K(Vt1[lb  *  M 


-3- 


and  evaluated  as 


Q  - 


b+1  H  -H 
2  1 


b+1 


If  H  is  expressed  in  feef  and  t  in  hours,  then  equation  7  must 
be  multiplied  by  3600  (the  number  of  seconds  in  an  hour  )  to  obtain  the 
total  discharge  in  cubic  feet. 

COMPARISON  OF  METHODS 

Table  1  shows  that  discharge  as  calculated  by  commonly 
accepted  methods  may  yield  values  considerably  greater  than  those 
calculated  by  the  integration  method.     For  this  illustration.,  the 
average  rate  method  was  used,  in  which 


Q  = 


TI  b  b 
aHl     +  aIi2 


and  the  calculations  are  for  a  right-angled  V-notch  weir  with  a 
rating  formula  q  =  2.  52H     ^ . 


Figure  1  illustrates  the  fact,  for  a  linear  segment  of  the 
hydrograph,  that  discharge  bv  the  integration  method  is  always  less 
than  the  value  obtained  by  other  methods.    During  period  AB  dis- 
charge rate  q  varies  along  curve  EFC.     The  integration  method 
evaluates  the  area  under  curve  EFC.    In  contrast,  the  average- rate 
method  averages  discharge  rates  at  times  A  and  B,  and  perforce 
evaluates  the  area  under  Line  EDC. 


=  4- 


T ab 1 e  1 . . - -Comparison  of  discharge  by  the  Integration 

and  aver age -rate  methods 


Variable     °  Unit 


Qa-^  Cu.  ft. 

%y      cu,  ft. 

Qa-Qb         Cu,  ft, 

Basis  for  computations 


Hl 

Foot 

0,400  0.40 

0.40 

0 

40 

H2 

Foot 

0.401  0.41 

0.50 

0 

bO 

Hours 

L  00             1 , 00 

1.00 

1 

00 

dH/dt 

Ft, /hrs. 

0.001  0.01. 

0.10 

0. 

20 

1/ 

Discharge  by 

the  average- rate 

method. 

11  V 

Discharge  by 

the  integration  method. 

E  x3.mp  1  e 


A        :        B       :        C        :  D 


946 

973 

1,290 

1,756 

946 

972 

1,272 

1,677 

0 

1 

18 

79 

-5 


TIME    (  Hours  ) 


B 


Figure  1. --Representation 
of  stream  discharge  as 
calculated  by  commonly 
accepted  methods  (area 
ABCDE)   and  by  the  inte- 
gration method  (area 
ABCFE) . 


Discharge  as  evaluated  by  approximate  procedures  will 
approach  the  correct  value  if  the  time  span  between  hydrograph 
readings  is  shortened  so  as  to  reduce  to  a  minimum  the  difference 
in  head.    Example  A,  table  1,  shows  that  with  a  difference  in  head 
of  only  0.  001  foot,  the  two  computational  methods  yield  the  same 
discharge  figures.    The  advantage  of  the  integration  method  is  that 
any  time  span  may  be  utilized  as  long  as  the  rate  of  change  in  head 
remains  uniform.    Thus,  the  true  discharge  will  be  obtained  from  a 
smaller  number  of  hydrograph  readings  and  with  considerably  re- 
duced labor. 


-6- 


UJJ 

d)  CU 

r-J  M-i 

rrt 

4— '  Cfl 

r-1  , 
i-j—  ■ 

rrs  f  \  j 

CO 

CO  oO 

CWJ  ° 

•r-i  >_i 

•  r-4  CD 

<-> 

°t— •     F — a — r 

CJ  CD 

*H  rH 

r-» 

O  r-i 

l-J  (J— ' 

!— i  Q) 

cd  CO 

p  <-u 

w  rH 

O 

O    CD  c 

4-1     S-i  CO 

O  3 

4-1  >s. 

■Jj    pi-i  ! — i 

r-l  ' — f 

O  S-i 

CD  CD 

p  ^-i 

C  XI 

\J  *— ' 

Ctf    «~r-J  q£) 

•i— (  "H 

•H       CD       rH  « 

4J  £ 

rrt 

K**                  V«  ' 

C^j     O    SZ   i  i 

ch  »0 

00  J— 1 

-D    pi ,  co 

(j)  CD 

i_(    Tl  di 
W  M-i 

•r~ *.  iM 

P 

cc  x> 

r— i  CT\ 

X  r-i 

CD 

+j 

!h 

CD 

O 

m 

e 

> 

cO 

-o 


I- 

X  <r 
co  -x 

l-l  ON 


CD 
PQ 


e 

rrt 

CU 

CU 

r-l 

rrt 

CO 

Ojj 

CO 

CD 

U 

1 1 

rH 

r— ( 

CU 

rrt 

CO 

o 

CO 

|j  j 

CO 

rT. 

mJ 

rn 
yj 

CU 

u 

CU 

X) 

<D 

> 

O 

o 

x: 

i — i 

>-l 

O 

a 

CO 

E 

S— 1 

~d 

B 

ai 

1 

ca  s-i 

00 

S-i 

ai  ai 

S-I 

CU 

a, 

CO 

Sm 

ft 

■I— < 

JZ 

CO 

o 
w 

CO 
00 

ft 

60  • 

•r-( 

d 

00 

C  cn 

T3 

c 

co 

■n 

•r-l 

CU 

01) 

ai 

co 

c 

cu 

CO 

■ — i 

•r-l 

S-i 

t — i 

3  > 

3 

> 

O  >-i 

x: 

O 

Sh 

i  OJ 

ft 

ft 

i — i 

CU 

CO  CO 

g 

cO 

cO 

CO 

u 

O 

S-l 

U 

o 

00 

4-1 

S-l  w 

O 

S-i 

co 

O   <U  • 

S-l 

o 

0) 

o 

XI 

M-4 

S_i  CO 

O  3 

>^ 
X! 

O  3 

(U    tn  H 

a) 

til  r-i 

i-l  i— i 

T3 

Sh 

D  -H 

O 

Si 

3 

D  -I-l 

CO 

CU 

CO 

CO     .  - 

CU 

U    13  . 

CU 

u 

O  £L 

e 

o 

ft 

>-  a 

S-H 

ft 

c 

Xi 

ft 

o 

at  o 

CO   -O  M) 

•H 

■H 

-o 

OL 

■H    CU    J-i  « 

+-i 

cu 

« 

>    >   co  o 

cO 

> 

cO  O 

cO    O  £  H 

S-i 

o 

X  r-l 

"O  s^  a 

00 

i— i 

S-4 

O  'J 

(D    ft  IB  S 

CU 

CU 

41 

ft 

co  S 

+-> 

■U 

6 

■H  52 

H  t  ft 

c 

CO 

M 

13  ft 

s-i 

3 

O 

& 

x:  <!■ 

o 

X 

cO 

cO 

cO 

vO 

I — 1  ON 

i— i 

ON 

CU 

X! 

V — i 

4-1 

S-l 

4-1 

Oi 

o 

CU 

PQ 

B 

PQ 

4) 

00 

S-i 

rrt 

CO 

X 

u 

CO 

CO 

Ol) 

•I-l 

"d 

00 

cc 

CU 

•1-1 

.— J 

3 

X 

ft 

E 

rrt 

O 

rH 

o 

O 

S-i 

rH 

r-i 
KJ 

n-i 

14-1 

X 

o 

r-* 

X 

CU 

4-o 

? 

CD 

CU 

r- 
B 

M— ' 

C 

X 

O 

or-1 

•H 

rrt 

>^ 

OJJ 

ni 

u 

CD 

cO 

•H 

s^ 

3 

O 

CO 


CU 
S-i 

o 
B 


0/ 

00 

S-, 

co 

X 

a 

CO 

CO 

ot 

CJ 

-o 

•  r-l 

X) 

00 

CO 

C 

0) 

•r i 

Sh 

4-1 

3 

X 

ft 

ft 

B 

CO 

o 

Sh 

CJ 

00 

o 

S-l 

S-i 

O 

•4-1 

X 

T3 

o 

S-i 

X 

4-1 

uJ 

CU 

E 

M-4 

c 

X 

o 

4-1 

•H 

cO 

S-l 

>> 

00 

cU 

CU 

4-1 

C 

cO 

•H 

S-i 

3 

O 

CJ 

ctj 


CD 
U 
O 

E 


I 


I 

\ 


"  ^     ft  4  A 


■  .. 


-•  - 
:    -  - 

■ 


- 


.tu,i:\;i:>< 
-  ■ 

- 


■ 

■ 


... 


. .  .  . 

■ 


.  - 


